We propose a mechanism for reentrant phase separation in globular microemulsions based on the combined effects of a shape transition and attractive interactions. Long cylindrical globules can phase separate at relatively low interglobular attractions. A transformation from elongated globules to compact spherical drops alters the balance between the entropy and effective interglobule interactions, leading to the remixing of the globular system. Our theory qualitatively explains the closed-loop coexistence regions seen in recent experiments on nonionic surfactant microemulsions. [8] .
like molecules, inducing remixing at low temperatures. The mixing at high temperatures arises from the translational entropy, while the remixing at low temperatures is due to the additional, orientational, degrees of freedom. Three-component ME [5] , which are liquid mixtures of water, oil, and surfactant, can form droplets or other globular shapes which can show phase separation due to the competition between attractions and entropy. However, in addition, this self-assembling system also has degrees of freedom related to the shapes of the globules, which can cause remixing.
We propose a mechanism based on the combined effects of attractive interactions and a shape transition of the ME droplets which explains the existence of such reentrant phases and the appearance of both upper and lower critical points on closed-loop diagrams. We show that the closed loops in the composition plane are produced at constant temperature.
The temperature affects the size and shape of the isothermal coexistence regions through the interfacial parameters. We find that as a function of the ratio r of internal phase (water or oil) and surfactant volume fractions, P;/@" the system undergoes an isothermal transition from thin, elongated cylindrical globules to more compact spheres [6] . Initially, the system of very thin cylinders is homogeneous.
However, as r is increased the cylinders become thicker, thus increasing the effective interglobule attractions, and inducing phase separation into high and low density states. Increasing r further, the ME consists of coexisting cylinders and spheres [7] . [8] .
We treat the ME within the interfacial model [9] , which assumes that the properties of the three-component system are determined by the physics of the surfactant-saturated interface between the water and oil. This approach is appropriate to "good" surfactants which are insoluble in both the water and oil. Our model takes into account, besides the interfacial bending energy [10, 11] and the entropy of the globules, an attractive interaction, such as van der Waals attraction [12] .
In general, the ME will include a distribution of shapes and sizes of globules which is difficult to treat theoretically. In $ is identified with the "monomer'* size, thus completing the polymeric analogy.
We treat the hard core repulsion and short range attraction between the various types of globules by considering a lattice model. The lattice must accommodate both the long cylinders and the compact spheres. The natural lattice size for the cylinders is the above mentioned monomer size, while the optimal lattice size for the spheres is related to their volume. As will be shown below the cylinder and sphere radii, r, and r"are of the same order of magnitude.
Therefore, we use a mean cell size which is correct in the two limits of pure cylinders and pure spheres and smoothly interpolates between these two limits. The volume, Vp, of this cell is Vp = (X,7r r, $ + X, 3 vr r, )/ @, where r, is the sphere radius, X, is the sphere volume fraction, and X, = g X is the total cylinder volume fraction given by the infinite sum over volume fractions of cylinders with different lengths, where the length is measured in terms of the number, m, of persistence lengths. @ = X, + X, = P; + z@, is the total globule volume fraction.
The bending energy of a single globule is given by [10, 11] where K and K are the bending moduli, pp is the spontaneous radius of curvature of the interface, R& and R2 are the local radii of curvature, and dS is the surface area element [13] .
The contribution to the free energy per unit volume from the entropy of mixing of the globules is approximately [14] given by the Flory-type expression [8] ,
The interaction between globules is also treated in the Flory approximation.
Using a contact energy,~, the interaction per unit volume is given by gP~, where~= Here g(R) is a smooth function of the dimensionless parameter R = 3(@/P,)6/pp and g(R) = R/6 for small R where the ME is essentially cylindrical, while for R = 1, g(R) - ( [6] and is given by r, = 2/ 6/@" where 6 is the surfactant film thickness. In the region where cylinders and spheres coexist the radii are found by the minimization process. To first order in K/K they are r, = happ(1 -2K/K) and r, = pp(1 -2K/K). [18, 19] . Within the relevant experimental temperature range, po can even change sign, and the ME inverts [20] .
We therefore interpret the different phase diagrams at different temperatures as systems with varying spontaneous curvatures. In the experiments the isothermal closed loops become larger as the spontaneous radius of curvature increases [21] ,in qualitative agreement with our model, as is clear from Fig. 2 . The spontaneous curvature affects both the upper part of the loop (through the average cylinder length) and the lower part of the loop (through the curvature dependent effective attractions). The model is only sensitive to the structure and size of the ME, and not to the exact form of the attractions.
The model also reproduces the experimental trend where the reentrant single phase region, at large values of R, vanishes when the closed loop intersects the region of emulsification failure [19, 22] . In the emulsification failure region the ME coexists with a nearly pure phase of the internal component [3, 23] which is rejected once the globule size is equal to the spontaneous radius of curvature. The width of the gap depends on temperature or, as we interpret, on the spontaneous curvature. Figure 3 [13] The bending moduli and spontaneous radius of curvature are related to the standard Helfrich parameters of Ref. [10] through: K = a + R/2, K = -a/2 and po = Co (1 + 
